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@ Chromatographic adsorbent particles (10) having covalentiy bound at least one active substance for binding 
molecules in a liquid chromatographic fluid bed process; said adsorbent particles being constituted by a porous 
composite material having pores allowing access to the interior of the composite material of said molecules; 
wherein the porous composite material consists of a conglomerate having controlled relative density; said 
conglomerate consisting of: 

(I) at least two density controlling basic particles (11) of amorphous silica, quartz, or glass; and 
(ii) a matrix formed by consolidating at least one conglomerating agent (12) selected from the group 
consisting of natural and synthetic polysaccharides and other carbohydrate based polymers with the proviso 
that the conglomerating agent is not j5-1,3-glucan. 
The at least two density controlling basic particles are dispersed in said matrix; the size range of the 
adsorbent particles is controlled; said density and said size range are selected to provide desired floata- 
tion/sedimentation properties of said adsorbent particles in the liquid in said fluid bed process; and the at least 
one active substance is covalentiy bound to said matrix. 

Methods of preparing such adsorbent paticles, their use as a solid phase matrix in a fluid bed reactor, and 
particularly their use for distributing the liquid in the fluid bed of such a reactor. 
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1. BACKGROUND OF THE INVENTION 
The Technical Field 

5 The present invention relates to chromatographic adsorbent particles according to the pre-characteriz- 

ing part of clainn 1 ; methods of their preparation; and their use as a solid phase matrix in a fluid bed reactor. 

"Definition of Expressions" 

10 In the present context the expression "conglomerate" is intended to designate a composite of basic 
particles, which may comprise particles of different types and sizes, held together by conglomerating 
agents. Conglomerates may be of various sizes, and shapes and should preferably exhibit various degrees 
of mechanical rigidity depending on the application. Further, conglomerates may be chemically active or 
may be chemically inactive under the conditions applied. 

75 The expression "conglomerate of controlled relative density" is intended to designate a conglomerate 
or a conglomerate particle for which in particular the basic particles are chosen in predetermined amounts 
to provide a certain relative density of the conglomerate with respect to the liquid in which an active 
substance or another constituent of the conglomerate is to be used so that the floatability or sedimentation, 
respectively, is controlled. 

20 Thus, chromatographic adsorbent particles according to the invention are intentionally designed with 
respect to the density of the medium for their particular purpose of application, including proper consider- 
ation of the influence of their sizes on their floating or sedimentation properties. In other media, e.g. during 
preparation or during storage under e.g. dry conditions, the chromatographic adsorbent particles may have 
a density different from that in the liquid medium of use. 

25 In the present context the expression "active substance" should be taken in a very broad sense 
comprising agents having desired properties for their particular purpose of application, e.g. adsorbents, 
ligands. reagents, and natural substances covalently bound to the conglomerate of controlled density. 

"Industrial Applicability" 

30 

Chromatographic adsorbent particles having covalently bound at least one active substance are used in ; 
a wide variety of applications in chromatographic processes, e.g. high performance liquid chromatography, 
gel filtration, ion exchange and affinity chromatography, e.g. carrying adsorbents: diagnostic processes, e.g. 
carrying adsorbents for blood purification, dye chromatographic processes for albumine purification; and 
35 prophylactic processes, e.g. carrying immobilized antibodies or antigens in extracorporal circulations for 
removal of antigens or antibodies, bacterial toxins or other toxins, and autoimmune diseases. 

Prior Art Disclosure 

40 There are numerous disclosures in the prior art concerning particles prepared from organic and 
inorganic materials. 

However, chromatographic adsorbent particles as claimed in claim 1 have apparently never been 
disclosed. 

45 "Coated Particles" 

Kuraray Co., Ltd., C.A. 98:157436t discloses beads, particles, fibres, sheets, and tubes of glass, 
activated carbon, silica, alumina or high molecular weight substances coated with copolymers of acrylates 
and carboxylic acids or amines to form selective adsorbent carriers or supports for use in selective 
50 electrodes or in column chromatography. 

Sakuma et al., C.A. 111 :74363c, disclose glass or polymer spheres coated with hydroxyapatite for use 
as a stationary phase for column chromatography. 

EP-A-0266580 discloses a method for coating solid particles with a hydrophilic gel preferably agarose 
for various separating processes in packed columns based on adsorbent groups, e.g. ion exchanging 
55 groups, hydrophobic groups, or groups with biospecificity chemically bound to a gel. Such coating may be 
provided by mixing hydrophilic solid particles with a gel-forming substance above the gelling temperature in 
which each individual particle is coated, separated from each other, and cooled below the gelling 
temperature, essentially to stabilize the particles against the high pressure in e.g. HPLC applications. 

3 
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promotes open pore formation " °^9an.c solvent, wherein the water contem 

preparl^T'elmrSSer^^^^^^ a .hin. strong s.in" .ein. 

such as a phenol-formaldehyde resin and oyonSrful Jt,^^ ^'^^ Po'V^'er 

'"r;%^So?B^^.r"^^*-^^^^^^ ' """^'"^ ^" 

comprisinrsr VrlfctnX^^^^^ '-f"'^ Serial and a composite materia, 

porous hollow particles may be iorl^ ^^tx^T^^^J^f ' chromatographic organic gel. The 
alginate spheres, with inorganic materi? and ?Srheat,no^r "jaterial. e.g. organic resin beads or 

2151602B discloses closel' similar P^c^V^Ue^^TT^'a^^^^ ""'^ ""^'^"^^ ^^^^^r, GB 

or cobalt oxide, is incorporated In ^.e^norganifshe;- o^^^^^^^^ ^^^""^ 

spheres marketed by 3M in a variety of size LSfonT Lo^l^Jl TT '"^ borosilicate glass micro- 
derived from fly-ash are provided by Rllite Run^fm EnXTH. °' ""^^"^ 
.rjrn.^'~^ are conglomerates of -rolleTr^Ia^f^^^^^^^^^^ 

P^t^^^::, aTer^US'V^^l^^^^^^^^^ ^^'^^ ^ -.lection of hollow 

ting in to a fused solid mass having a dersS':'ot~h:n'r5 St' 

"Pharmaceutical Dosage Forms" 

:^:T\^2r^^ ^ --P^-^'-^ conventional matrix 
agent, including inorganic compounds suJTsZ oZtiT^.ST^ ^^^^P*^'"- ^^^"3 

or ferrous oxide, suitable for oral administration to hi. min Z I'^^^'^'^^s of a metal, e.g. barium sulphate 
active ingredient into the stomach. The «ed reTase rS^vT"""' "'^^^^ °' ' Pbarmaceutfcally 
g/ml to aboirt 6 g/ml and may in case of a conven«rj Jitel h^ "^ density from about 2 

and in case of a tablet a size above 10^Z NoSna^ 11T.h '"^ ' *° ^ 

permeable or porous cbnglomerates of oZ^^oiteT^?Jl ^^J^'' Z non-solid i.e. 

won. Furtermore. the described pharmaceu S dosaae S^ Z ""^^'"^ °^ P^^^"^ 

binder and a weighting agent soluble in ga^c S whi^mZs th^ ? ^°'"P^'«'"9 ^ 

after ingestion. ^ "'^'^es the pellet or tablet disintegrate shortly 



"Fluid Bed Particles" 



45 



50 



55 



chroml^^S^hirfl^^^^^^^^^ -^stance for binding molecules in a liquid 

fluid. Thus, for Chromatographic adsort>en?^ SSHalin '^^^^^^^ 

variations in dispersion properties, e.g. sedime^for fiSon r "^T"" ""^ '^^9^ 
uncontrolled manner e.g. down- or upwards^rre^tion oltro;.!^^H^ !^ '""^ ^ ^^^^ 

adsorbent particle. ' °" *° *"® ''^"'^ depending on the relative density of the 

the bed disturbing the flow through thTb^d tL alorbent IT^^ back pressures and compresses 
free, fluid phase by applying a flow hal^l oppSS d^e^^^^^ ""^^'"^ ^^''^ ^"''^^nce in a 

the adsorbent particle. Thus, adsorbent' pSs Ltra denS^ 

downwards due to gravity may be kept in a free fluid r^hL k ^ ""''^ and moving 

particles having a density less than the Md and thus .^Itn " ^ T^""^ °' adsorberS 
free, fluid phase by a downwards flow of fluid ^ "^^^ '° ''"^y^"^^ be kept in a 
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For fluid bed liquid chromatographic processes, the density of the solid-phase adsorbent particle is very 
important in controlling bed properties. However, up to now, the design of solid-phase adsorbent particles 
has been limited by the available material. 

Generally, particles may either be designed to be impermeable to the fluid, in which case the available 

5 surface area per unit volume is small; or particles may be designed to be permeable to the fluid, in which 
case the material chosen has to have the correct density per se. Unfortunately, the most interesting 
materials for many applications, e.g. materials such as natural and synthetic polysaccharides like agar, 
alginates, carrageenans, agarose, dextran, modified starches, and celluloses for chromatographic purifica- 
tion of proteins in packed bed columns are not of suitable density per se. Therefore, these materials are 

10 difficult to apply in fluid bed reactors. 

Certain types of organic polymers and certain types of silica based materials may be produced to 
provide adsorbent particles of suitable density, but such adsorbent particles may not at the same time be 
suitable active substances, e.g. for protein purification procedures, where such materials may provide low 
permeability, non-specific interactions and denature bound proteins. Further, for such polymers, it may be 

75 difficult and expensive to design derivatisation schemes for affinity chromatography media. Also, certain 
types of permeable silica particles have been used for fluid bed applications. However, the properties of 
these materials are far from optimal. Thus, the materials are instable at pH above 7. fragile to shear forces, 
and provide non-specific interactions. 

20 "Particles Having Active Substances Restricted to the Surface" 

US 4032407 discloses a tapered bed bioreactor applying immobilized biological catalysts or enzymatic 
systems on fluidizable particulate support materials consisting of coal, alumina, sand, and glass, i.e. 
materials heavier than the fluid, particularly an aqueous fluid. 

25 EP-A-01 75568 discloses a three phase fluidized bed bioreactor process comprising purifying effluents 
in a three phase fluidized bed comprising solid particles being made by mixing a binder with, an inorganic 
material based on aluminum silicate, granulating the resulting mixture, and firing the granules to sinter them. 
The specific gravity of the sintered granules is adjusted to fall into a specific range from 1.2 to 2.0 by 
varying the mixing ratio of inorganic powdery materials based on aluminum and binders, said sintered 

30 granules having a diameter from 0.1 to 5 mm. 

EP-A-0025309 discloses a downflow fluid bed bioreactor applying biota attached to carrier particles 
consisting of cork, wood, plastic particles, hollow glass beads or other light weight material and having a 
specific gravity which is less than that of a liquid sprayed onto the upper part of a fluid bed of suspended 
carrier particles and conducted downward through the bed. 

35 These three disclosures describe particulate support materials to which the attachment of the active 
substance is restricted to the surface of the particles limiting the amount of active, substance to be obtained 
per unit volume compared to chromatographic adsorbent particles allowing the active substance to be 
attached within the particle. Thus, in many applications, it is important to have specifically designed 
chromatographic adsorbent particles which are able to carry as large an amount of active substance per 

40 unit volume as possible, however, such chromatographic adsorbent particles are not available in the prior 
art. 

Thus, in great many applications of active substances in liquid chromatographic fluid bed processes, 
there is a need for materials of controlled relative density carrying the active substances. 

45 "Distribution of Liquid in a Fluid Bed" 

A disadvantage of distributing an introduced liquid in a fluid bed reactor by spraying is the formation of 
channels in the bed by fluid rays. 

EP-A-0005650 discloses an up-flow fluid bed reactor having fluidizing fluid flow distributors at the 
50 bottom thereof providing flow paths to avoid turbulence effects. Besides requiring complicated flow paths, a 
disadvantage of such a distributor is that it may be clogged by particulate matter. 

"Removal of Oil on Water Surfaces" 

55 US 4142969 discloses an oleospecific hydrophobic composition comprising an intimate mixture of 
expanded volcanic glass consisting of perlite, a cellulose fiber, and a water repellent sizing consisting of 
asphalt; and a method of sorbing oleaginous compounds e.g. in selectively removing oil from the surface of 
water. The constituents are incorporated into a homogeneous product by a wet process, dried in an oven 

5 
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2. DISCLOSURE OF THE INVENTION 
(a) Chromatographic Adsorbent Particles 

provide Chromatographic adsorbem partcll Tvo dinrr ^ ^^^^^ \ °' '"^«"«°" ^ 
bent particles e.g. problems of uncommnLd J^So^ ? ^^^^vantages of known chromatographic adsor- 

particles. the poor selectTv^ arSpS or^hroir °' chromatographic adsorbent 

possibility of Simultaneously SsigninrL c^nZ^^f^ P^^'^^ 

Chromatographic adsorbent partcte? «'"*'^°'""9 the properties of the active substance and 

defin'l^rnte^ adsorbent particles as 

of the charaterizing part of clairn 1 adsorbent parficles are characterized by the features 

such^TjSrs:^:^^^^^^^^^ -y further comprise other substancs 

pJl'ITam^^^^^^^^ 

sr:;.rsi-rsrm:?^^^^ 

particles based on suitable heavTelement^rcoZounT^^^^^ °* 

con^ore2;rco:t;:rre,^^^^^^^ --^-t parades comprising , 

areas and materials e.g. materials having ^p^ircSm'a, IZTr^V^" T 
with known chromatographic adsorbent%Lcles forTuid ^d pa^^^^^^^^ 

nTprors^Lr""^ *° ~y rdSg^d 

relatrdSty" ^pl^rr:^ ttTct^rLt^^^^^^^ ^^-''"^^ ^ ^ — 'ed 

be made light, and vice versa, within a lide ranarn* "^-* ' ^°"9lomerat.ng agents; heavy particles can 
very broad limits, e.g. the de^sZof a ^^11^1^^^ f "^'^ '^^"^^^"^ ^»hin 

volume percentage of the conglomerating agercT^rconTrol.S «T h ^PP^^^tion; the 

of the final chromatographic adsorbent oaSlS r«n f ^"-^ding to the application; the total size 
uncontrollable sizes for speclfirc^^SinuSbirfor n^^^^^^ ^^^^'"9 
Chromatographic adsorbent particteracl^^inQ o^^ ""^ falling velocities. Further 

accessible volume, compared to e gTown imolr^rir^^ '! ^ "^'^"^^ 'a^Ser capacity, i.e. a larger 
preparing such known imperm^^^''- c^^ratZpr a^^^^^^^ 

applied are limited, e.g. limited to sSj^aZf Sf^^ h T^!^^ substances to be 

to known chroma^ographr adSrSnfTa^clP, h« *° Partlcle surface. Further, contrary 

elasticity and the mLanicar ienS of S^atorohic 3^". T''""=^' ^"^ 
can be controlled Independently of tC mTTss^^:^' "T'^" *° '"^^ntion 

Independently of the density in order to Z^ ^rr.^ . s^es and e.g. biocompatibility can be controlled 
particles and to avoid denaturaL eTofprot^^^^^^ the .ntenor of the chromatographic adsorbent 

Prefen-ed embodimente are defined in the claims 2-18. 
(b) Methods of Preparing Chromatographic, Adsorbent Particles 

vario^rmrc^sirn'i^r : *° '"-«on may be obtained by 

monomers; block or suspension alt^Tof a^ZZT^^ suspension polymerisation of 

agarose) or by addition 'ofTetetfonTataX^^^^^^ '^ J' '"^'"9 ^°°«"9 («-9- of 

rageenans): block or suspension ^Tss-lS of sLh.« m ^ 'f""^ *° °^ 

celluloses. or starches wSh e.g. epSo Srinl or dflv?^? ' T'*""? ^^'^^ ^^°««-«"Wng of dextrans. 
and gelation; spraying P— to^int^^^^^^^^^^ 
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For particularly preferred embodiments according to the invention, chromatographic adsorbent particles 
may be obtained by cooling emulsions of density controlling basic particles suspended in conglomerating 
agents in heated oil solvents; or by suspending density controlling basic particles and active substance in a 
suitable momoner or copolymer solution followed by polymerisation. 

5 

"Preparation by Gelation/Poly mer/saf /on in the Emulsified State'^ 

A method of preparing chromatographic adsorbent particles according to the invention is defined in 
claim 19. 

10 Preferred embodiments are defined in claims 20 and 21 . 

"Preparation by Gelation/Polymerisation in the Block State" 

Another method of preparing chromatograhic adsorbent particles according to the invention is defined In 
75 claim 22. 

Preferred embodiments are defined In claims 23 and 24. 

For polysaccharides such as agarose and agar, i.e. materials melting at high temperatures and 

solidifying at low temperatures, the conglomerating means is by heating/cooling. 

Particularly for heavily charged polysaccharides and polymers such as alginates and carrageenans. the 
20 conglomerating means is non-covalent cross-bonding by addition of a suitable metal ion. However, for 

polysaccharides in general, e.g. cellulose and its derivatives, and polymers containing e.g. amino, hydroxyl, 

thiol, and carboxy groups, the conglomerating means is covalent cross-bonding by addition of a suitable 

cross-bonding agent, e.g. epichlorohydrine, divinyl sulfon, bisepoxyranes, dibromopropanol, glutaric dial- 

dehyde, diamines, and other bifunctional agents. 
25 Also, the above mentioned conglomerating means may be combined in specific cases such as the 

preparation of conglomerates of agarose-acryl-derivatives and cross-bonded mixtures of agarose and 

dextran. 

Further, in the above mentioned block polymerisation, the segregation step of the polymer block may 
be obtained by methods known per se, e.g. by granulation and sieving. 

30 

(c) The Use of Chromatographic Adsorbent Particles 
"Solid Phase Matrix in Fluid Bed Reactors" 

35 The invention also relates to the use of chromatographic adsorbent particles according to the invention 
as a solid phase matrix in fluid bed reactors. 

Generally, a fluid bed reactor may comprise a vertical reactor with an inlet, an outlet, a fluid bed of 
particles, and a liquid. The liquid is introduced at the inlet and dispersed, optionally through a gas head in 
case of down-flow reactors, on the bed of particles which are suspended and fluidized by the liquid. The 

40 liquid It conducted through the bed and a pool of reacted and/or unreacted liquid is let out at the outlet. 

Down-flow fluid bed reactors have liquid inlet at the top of the reactor and fluid bed particles of si:>eclfic 
gravity less than that of the liquid. 

Up-flow fluid reactors have liquid inlet at the t)ottom of the reactor and fluid bed particles of specific 
gravity larger than that of the liquid. 

45> The suspended particles may be reactive or may carry immobilized reactive components selected for 
solid phase chemical or physical processes with one or more components of the fluid in procedures such 
as enzymatic reactions; fermentation; ion-exchange and affinity chromatography; filtration; adsorption; 
catalysis; immunosorption; solidphase peptide and protein synthesis; and microbiological growth of microor- 
ganisms. 

50 It is an object of the invention to provide the use of chromatographic adsorbent particles according to 
the invention in solid-phase chemical processes in continuous fluid bed reactors particularly for separation 
of proteins. 

The use of chromatographic adsorbent particles according to the invention, including i9-1.3-glucan as a 
conglomerating agent, as a solid phase matrix in a fluid bed reactor is defined in claim 25. 
55 Preferred uses of the chromatographic adsorbent particles are defined in procedures as defined in 
claim 26. 

Further, specifically preferred uses of the chromatographic adsorbent particles in a liquid down-flow 
fluid bed reactor and in a liquid up-flow fluid bed reactor are defined in claims 27 and 29. respectively. 

7 
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"Distribution of Liquid in the Fluid Bed of a Liquid Fluid Bed Reactor" 

5 art do not have means known per se to ITold inrZrr^ ?T . ^'""^ "^"^ "^"o*" the 

particle bed. "^""^ fomnation of channels as well as unwanted turbulence in the 

is distributed even,, and with minimal or tXtenc?[: tld Sd ^'^^ 

a n J-^drnirurr^^^^^^^ T"°" °^ — 

respectively. ^'^^ ^^^ctor are defined in claims 28 and 30. 

com:rnra%rrtiS;e"Srr^^^^^^^ iT^^b^"^"'^ ""'^ ''^^ --o^ 

.5 proximal to the liquid inlet are ^Sated p^feS^rbrstt^ino T P^''"^'""' P««*^'«s 

a vortex, forming a turbulent zone rvlgolTLv^^^^^^^^^^ ^'^''^'^ '^^^^ 

particles are in stationary fludized ^at^sawlL^Zt .nn^h ' ^'"^ ^ "on-turbulent zone where the 
agitation the value of which is select^ 'for a ^on« having an extent determined by the degree of 

within a range from a degree orison wheS^t^^^^^^^ "T^^' '"^ °* P 

.0 where the particles mix thLghouUhe fluid b^ *° ^ ^^'"^ °' ^^itation 

turbuZ' z^rrmrrb^id'n^^^^ J" ^^'^^ 

of the particles as in case of the dow'flow fMd Z ^actoT ' '^"^^-^^^ 

new'ioVpTaS:^ S^lf^tor: Srr^ ^^^^ *° the applicants- Knowledge, it is 

particularly for a down-flow ^a^^^^^ 

.ay^r^eriLg orp^jr ^ rctS'td" n r ^d ™ 

However, according to the invention ttiese aLantaa J^rr^h TV. ""wanted wear of the bed particles, 
fluid bed. particularly the part of the tl^d^^r^m^^S^^^^^^^^^^ ''-^^'^^-^ ^ P- of the 

Of th:t;dted"JL^^^^^^^^ — --d out that agitation of the upper par. 

Th. r "° turbulence and particles in a stationary fluidized state 

posiL^n%rLTa;tttris^^^^^^^^^ - "-id risTenly distributed. T.e 

liquid, viscosity, and buoyancVLdTn^^teJio^T Jf the^aTn '"'""^"^ ^^^^ 9'^^" °' 



g^av;;^rr ireronn;^^^^^^^ -^^^y different specific 

^"^^reS-s^^^^^^^^^ 

Chromatography, are Tetter su^i^elo See Tc^l ^ect^ni^^ues. e.g. to be used in fluid bed 

centrifuga«on a'nd fi«ration can S avSd^'x^^^^^^^^^ °^ P~*^'- the steps of 

following the production of the protein. e.^direX allj,a th^lf^ immediately 
fluid bed purification and conversion ^cSrdina^ ..Sn^h^ the produced extract or fermentation liquid to 
the invention in fluid bed techr^ques s^vS Slan^aT^^^ chromatographic adsorbent particles according to 
Of materials to design the chemical aX m^h ^, °* *^ '^^"^'ty. and the choice 

Cheaper basic material J are obTa^^t^^^^^^^ ''"""^"^ °* P^^'^'-^. -Q- including 
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3. BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is further illustrated by reference to the exannples given below and to Figures 1-6, 
wherein 

5 Rg. 1A shows a 40X amplified photograph of conglomerates of agarose and glass spheres prepared 
according to Example 1(a); 

Rg. IB shows a 40X amplified photograph of selected spherical conglomerates of agarose and glass 
spheres prepared according to Example 1 (a); 
Fig. 2 illustrates a preferred embodiment of a fluid bed reactor; 
10 Rg. 3 illustrates another preferred embodiment of a fluid bed reactor; 

Rg. 4A and 4B show perspective sketches of another preferred embodiment of a down flow fluid bed 
reactor; 

Rg. 5 illustrate the fluid bed particles of conglomerates according to the invention in a down flow fluid 
bed reactor; and 

75 Rg. 6A-6D illustrate cross-sections along the lines VIB, VIC, VID, VIE in Fig. 5. 

4. DETAILED DESCRIPTION 

(a) Controlled Relative Density of Chromatographic Adsorbent Particles 

20 

NATithin the present context the expression "relative density chromatographic adsorbent" designates the 
density of the individual chromatographic adsorbent particles in the wet state, i.e. a state where the 
conglomerafing agent is fully hydrated, but without any interstitial liquid between individual conglomerate 
particles. This means that the liquid in which the chromatographic adsorbent particles are used are 

25 determinant for the density of the chromatographic adsorbent particles in as much as this liquid penetrates 
into the volume of the conglomerating agent, solvates this and fill out the pores; 

This relative density is determinant for the tendency of the particles to float or to sediment in a given 
liquid. The relative density of chromatographic adsorbent particles according to the invention is thus 
dependent on the solvated density of the conglomerafing agent, the concentrafion of conglomerating agent, 

30 the density of the density controlling basic particles (impermeable to the liquid and substantially non- 
solvated) used to regulate the density and the concentrafion of these. 

The density of the solvated phase, i.e. the volume occupied by the conglomerating agent and the active 
substance will usually be dependent on the specific application of the particles and thus not allowable to be 
regulated by variation of the concentration of conglomerafing agent. Therefore, according to the invention 

35 the density of the chromatographic adsorbent particles is regulated by the addition of density controlling 
basic particles having a density free of choice with respect to the functionality of the chromatographic 
adsorbent particles and also having a final concentrafion in the chromatographic adsorbent particles free of 
choice with respect to the funcfionality, i.e. the functionality of the active principle within the volume of the 
conglomerating agent is not disturbed by the density and concentrafion of the density controlling basic 

40 particles. 

A crude estimate of the final density as a function of the concentration of density controlling basic 
particles can be found by the following equation: 

Density of chromatographic adsorbent particles = ((dc x vj + (db x Vb))/(Vc + Vb) 

46 

dc = density of solvated conglomerating phase 
db = density of density controlling basic particles 
Vc = volume occupied by solvated conglomerating phase 
50 Vb = volume occupied by density controlling basic particles. 

Differences in the degree of solvation occuring in different solvents have to be corrected for. Thus, for 
certain conglomerating agents, e.g. heavily charged polymers for ionexchange chromatography, the degree 
of solvation, i.e. the volume of liquid taken up per gram dry weight, may differ with several hundred percent 
in fiuids with different ionic strength or pH. 
55 By way of example the density of chromatographic adsorbent particles comprising agarose as the 
conglomerating agent and hollow glass spheres as density controlling basic particles is regulated by the 
addition of hollow glass spheres to the liquified agarose, the amount added (for example measured as gram 
hollow glass spheres per ml agarose) being determinant for the density of the final chromatographic 

9 
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adsorbent particles. 



to 500 ml) the calculated dens^ Lm^: ^ ^ ""^ ^"^"""^ *° 100 9 (corresponding 

((1.0 X 1000) + (02 X 500))/(1000 + 500) = 0.73 g/ml 

If only 50 g of hollow glass beads were added the calculated density would be: 
10 ((1.0 X 1000) + (0.2 X 250)y(1000 + 250) = 0.84 g/ml 

is (0 0x1000) + (2.5 x 200)y(l000 + 200) = 1.25 g/ml 
"Concentration of Density Controlling Basic Particles- 

1 o/ 



1.5- 75 % 
5 - 50 %. 
25 5-40 %, 

5 - 30 %, most preferred. 

"Dimensions of Chromatographic Adsorbent Particles" 



30 



35 



40 



accoXtV: ~trn'^^^^ adsorbent particles of the type 

limitations dictated by the nature of hf LSl anXr Si T r""' '"^^ *° ''^ P"*' ^though 

mass Of congLerate oH tn^^^sV::^lt^^^^^^ °^ ^^--a. species with a given 

the Chromatographic adsorbent particles ,1 L Zar^^o^.>T'Tr°''l ''^ ""^^^^ °* 

raphic adsorbent particles is as small as possible ' "'^^ °^ chromatog- 

subrtlaT" crro^Ztrr^^^^ 'mention, the size of 

consisting of: ^ ^ aasorbent particles is within a range selected from the group 



1-10000 urn, 
1-5000 iim, 
1-4000 unr), 
1-3000 urn. 
45 1-2000 urn, 
1- 1000 urn, 
50- 500 urn 



50 



55 



displl~:re^^. SStirardlir^^^^^^^ - the desired control of «,e 

properties being dependent on the dens^^d t^il^VLTo, ^^'"k'^''''''^ adsorbent particles both 
Thus, for very fast separation flow rates Sromatoc^^nr^!^ k ? 

densities and relatively large sizes JB ZilnBd Hc^^^^^ J^"* '^'^'^ °* '^'^^^'^ <>•• high 
be limited in diffusion in certa^ appSS^rs eTwhe^ '^^^ 

chromatographic adsorbent particleranTTrJL^^ w.^^ « f t '^'^ *° ^'''"^^ ^"'^ °"» °* *e 
adsorbent particles. substances within the chromatographic 

siowri^rrmrgr^s^^^^^^^ rs'T ^"^^^--^ ^^-^ 

the chromatographic adsorbent pa.ic,es is':.ira%a?ge'rctr^^^^^ 
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1-2000 urn, 
10-1000 urn, 
50- 750 um, 

100- 500 um, most prefered. 
6 For chromatographic adsorbent particles within the context of the present invention to be of use, for 

example, In chromatographic separation processes, the time-scale of the process of diffusion of the liquid 
phases through the chromatographic adsorbent particles, where relevant, should preferably be short in order 
to ensure sufficiently rapid equilibration between extra- and intraparticular phases; this time-scale will often 
be of the order of seconds. 

10 

(b) Density Controlling Basic Particles and Materials 

In selecting density controlling basic particles for use as low or high density particles according to the 
invention, the material of the particles depends on the purpose. Generally, the material Is to be sought 
75 among amorphous silica, quartz, or glass. 

"Siliceous Glassy or Ceramic Materials" 

As mentioned earlier, the prior art discloses a number of examples of hollow particles of siliceous 
20 glassy or ceramic material which may be used as low density hollow particles of chromatographic 
adsorbent particles according to the invention, these previously disclosed particles being obtained relatively 
cheaply and straightforwardly by deliberate synthesis or as a fly-ash by-product of certain combustion 
processes. 

Accordingly, in a further preferred aspect of the invention, the material of the basic particles employed 
25 in chromatographic adsorbent particles of both low and high density particles according to the invention is a 
glass, preferably an synthetic glass comprising silicon dioxide and/or a silicate. 

In yet another preferred aspect of the invention, such material is a silicon dioxide-containing material 
derived from fly-ash, in which case the material may be amorphous (e.g. glassy) or crystalline, or to some 
extent both amorphous and crystalline. 

30 

"Structure of Density Controlling Basic Particles" 

Further, the material of the density controlling basic particles within the context of the present invention 
may be chemically and/or physically Inhomogeneous. For example, it may have a layered structure 
35 involving one or more layers of similar or different materials, e.g. various types of siliceous materials 

(c) Active substances 

Concerning the active substances covalently bound to the chromatographic adsorbent particles accord- 
40 ing to the invention, this may, for example, be any type of material which is useful for a given application. 

According to the invention the material of an active substance comprises a member selected from the 
group consisting of organic and inorganic compounds or ions, non-metallic elements, and organic polymers 
of biological and synthetic origin. 

It is prefenred that the active substance comprises a member selected from the group defined in claim 

45 11- 

" Introduction of Active Substance into the Chromatographic Adsorbent Particles" 

Generally, the active substance may be introduced into the chromatographic adsorbent particles in a 
50 number of ways depending on the nature of the active substance, the conglomerating agent, and the 
chromatographic adsorbent particles, e.g. their pore size. Thus, both low and high molecular weight ligands 
may be incorporated during conglomeration either by chemical cross-linking or by copolymerisation. 
Further, both low and high molecular weight ligands may be chemically coupled to a conglomerating agent 
before or after conglomeration, or they may be coupled to precursor monomers or polymers introduced 
55 together with the conglomerating agent during the conglomeration provided the desired functions of the 
active substance is kept intact or may be reestablished before use. However, if the means of con- 
glomerating damages or destroys the functioning of the active substance, the fragile active substance may 
be introduced after conglomeration provided the conglomerate has been designed with suitable pore sizes 

11 
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to allow access to its interior. 
"Pore Sizes and Their Formation" 



10 



75 



20 



Sizes are difficult to characterize qua'nSZ; horv^l^t^L ouit^ ''TT " *° ^"^'^ 
be capable of passing through the pores a reSic nnnlfT . °* *® molecules which are to 

biological macromolecules. such as proSs JS nft! '"acromolecules. notably 

10«. The practical lower limit for p'e ^rwiilZeSlv b'e ^7?^ ""l'* °' magnitude 2 

detailed chemical structure of the out^p^ and thf L ^ Pf^vs-co-chemical considerations, e.g. the 
reacts during the pore-formation process '^""'^ "^^^rial dissolves or 

conc^^atSHf rco^~ e.g. by simply controlling the 

a smaller pore size. However, other methods may ^ '^f ^'"^entration will provide 

e.g. the incorporated polymers and copolymers depending on the conglomerating agent and 



"Activation or Derivatization" 



25 



30 



35 



40 



45 



so 



55 



subs'trcrr^gir^^^^^ to funcon as an ac«ve 

derivatized to function as one or mor^ artiS sTbstLS bTlr^^^ conglomerate, may be 

known per se. Thus, materials comprising h^^droxv^aminr^^ H^^^ 

activated or derivatized using various' 2atJrg SmicaT ea"!;h:' T""' ^^"P^ 
divinyl sulfone, epichlorohydrine. bisepoxyraSs cJbromo^^^ ^ bromide, 

hydrides, hydrazines, periodates. benz^ZonS.' ^Z^^^^Z^^^^^ - 

(d) Conglomerating Agents 
"Organic Polymers" 

as defined In claim 8. onomers and polymers of biological and synthetic origin, preferably 

"The Active Substance as Conglomerating Agent-V 

group conSslitig of: * '" ' Mmpnse a member setectsd from Itie 

Po,vi*"d Xrirr '»"'"'«^'- ^ DNA, R,«, po„.A, po„.e. 

*er ma«,f„a ^ ,„^„„ ^^^^^ ^ ^^^^ ^ ^ ^ 

■AcSvalion or Dorivalization of Conglomotalfng AgSWs- 

proco^ro, o, ao«va..„ or *,^««,'^„ ^r^^rC'm^^r»TC:iT::J? 
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amide, carboxyl or thiol groups may be activated or derivatized using various activating chemicals, e.g. 
chemicals such as cyanogen bromide, divinyl sulfone, epichlorohydrine, bisepoxyranes, dibromopropanol, 
glutaric dialdehyde, carbodiimides. anhydrides, hydrazines, periodates, benzoquinones, triazihes. tosylates. 
tresylates, and diazonium ions. 

5 

(e) Illustration of Chromatographic Adsorbent Particles 

Fig. 1A shows a 40X amplified photograph of aspherical chromatographic adsorbent particles 10 having 
1-2 mm of diameter and being prepared by distibuting unicellar glass microspheres 11 in conglomerating 
70 agarose 12 according to Example 1(a). 

Fig. IB shows a 40X amplified photograph of selected spherical chromatographic adsorbent particles 
also prepared according to Example 1(a). 

(0 Fluid Bed Reactors 

"C Reactor" 

Fig.2 illustrates a cross section of a preferred embodiment of a fluid bed reactor 20 composed of a 
outer cylinder 21 , a top lid 22 with inlet 221 and connection for a stirrer 222, and a bottom lid 23 with outlet 
20 231. Further, an inner cylinder 24 having holes and mounted on a support 25 attached to support blocks 
251 and 252 allowing passage of the fluid. Stirring is performed at a suitable rate of rotation within the inner 
cylinder 24 to assure a sharp lower boundary 26 of the fluid bed chromatographic adsorbent particles. 
Without stirring, the bed of light conglomerates float against the top lid 22 and have a lower boundary 27. 

25 "T reactor" 

Fig. 3 illustrates a cross section of another preferred embodiment of a fluid bed reactor 30 similar to the 
reactor illustrated in Fig.2 except that the inner cylinder 24 is replaced by an inverse funnel 34 having an 
upper outlet 341 and supported by a support cylinder 35 that is open upwards. Chromatographic adsorbent 
30 particles arriving below the funnel in the turbulens free volume will rise up through the upper outlet 341 
while fluid flow down through the outlet 231. The stirrer is placed right below the surface 36 and stirring is 
performed at a suitable rate of rotation to provide a sharp lower boundary 37 of the chromatographic 
adsorbent particles. Without stirring, the bed of light chromatographic adsorbent particles have a lower 
boundary 38. 

35 

"Controlled Fluid Distribution in Fluid Bed Reactors" 

Fig. 4A and 4B stiow perspective sketches of a preferred embodiment of a down flow fluid bed reactor 

40. 

40 A dc-motor 41 controlled by a variable speed control 42 provides revolutions of a istirrer 43. which in a 
turbulent zone A agitates the fluid bed particles to generate a turbulent flow of the fluid flowing down-ward. 

A sharp interface (generally of few particle diameters) is reached at the non-turbulent zone B in which 
the particles are stationary and an even and smooth distribution of the fluid is obtained. In order to adapt 
the conditions of agitation the length of the fluid bed column can be changed by means of interchangeable 

45 chromatographic tubes 45. 

(A) ""Down-Flow Fluid Bed Reactor'^ 

Fig, 5 shows a longitudinal section of a segment of a down-flow fluid bed reactor 50 comprising a 
50 vertical cylinder 54 and a fluid bed A,B,C of particles 51,52,53 suspended in a down-flow fluidizing fluid 56 
let in through an inlet at the top of the reactor vessel, the particles 51,52,53 having a specific gravity less 
than that of the fluid. A gas head 57 is above the surface along the line VIA-VIA. 

The upper part of the fluid bed is agitated by a plate formed mechanical stirrer 55 dividing the bed into 
a turbulent zone A. a non-turbulent zone B, and an exit zone C. 
55 In the turbulent zone A, the agitated fluid bed particles 51 move vigorously which generates a turbulent 
flow of the fluid. The turbulence decreases down the turbulent zone A. A sharp interface VIC-VIC is reached 
at the non-turbulent zone B in which the particles 52 are in a stationary fluidized state. Across the interface 
VIC-VIC, the fluid flow is distributed evenly, and a smooth fluid flow is obtained in the non-turbulent zone B. 

13 

BNSDOCID: <EP 0607998A2 I > . 



EP 0 607 998 A2 



10 



.e.fS vX^'^^eX r^rre^l'"'*' * «C-V,C. and V,D.V,0 

5. EXAMPLES 

A„ solutions employed In the following examples are apueous solutions unless otherwise indicated. 
EXAMPLE 1 



15 on 



20 



25 



30 



35 



40 



A: 

45 B 

c 

D 



... 3~.trsf =pV^^^^^^^ to the inven«on 5ased 

borosillcatel having a mean density of 0.28 .'o^^ ^S^J^^O^^^^^ 

(a) Low Density Agarose Hollow Glass Spheres Conglomerated Particles 

.,HSrut)T.^lt Z^^'T^lT'Zr f r"^"^ ^^^''"'^'^^^ »° agarose 
0.28 g/cm3^ were adde? uSlf Sing' Flllg^'SnTrthf IT'^'VT' ' °* 
suspension was added to the soya bean oil unriTLr I ^- '''^ agarose and glass microspheres the 
eo-C in five minutes and cc^ted toTo-C ThJ sSf!e^ about 
hollow glass spheres were washed on LfntrlSVasnS ST^ '-'^'f ''"^"^ 
removed. The conglomerate was then taThS wim wl er C .n r ^" ''^^'^ °" 

floating on water. ^""^ conglomerate had a low density and was 

(b)Low Density Agarose Hollow Glass Sphere Conglomerated Block Polymer Particles 

9lass°XtVS%",^rsT^^^^^^ 'I ' agarose (HSA. Utex) in 300 ml water. 9 g hollow 

obtained. The LpensL wisTilS to e '""'^ ^ ^°'"°9^'^°"« ^"«Pension w^ 

s-t^Th^rh— 

...ed and the granulate was sorted" ^^.I^Xr^^- 
t^l^u^^^S'Se:!:^^^ '''^'^ ^-^^omerated Particles <not according to the In.en- 

^^-"^ ^ ^^'--^^ added hollow glass spheres 



og 
2g 
5g 

20 g 
27 g 



50 



55 



matrices were disintegrated in a Zder The re^.mtn T^'"" ^* temperature the polymeri2ed 
sedimentation (for A by sedin^^nLn as rhes^LrtiHl^ ""^'^ ^^^^^^"^ by reverse 

on a glass filter and drainerfr^cess w^er hv 1 "^^ ^'^^'^^ <^ollected 

particles were then weighed L T partiSe volumeTr'''°TK ^"^^ drained 

followed by determination^f the totarvorurrlr^^^^^^^^^ 
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Measured Density: 


Calculated Density: 


A: 


1 .0 g/m! 


1.00 g/ml 


B: 


0.9 g/ml 


0.93 g/ml 


C: 


0.8 g/ml 


0.85 g/ml 


D: 


0.6 g/ml 


0.63 g/ml 


E: 


0.5 g/ml 


0.57 g/ml 



("fl!) Low Density Gelatin Hollow Glass Sphere Conglomerated Particles, and Immobilization of Horse- 
Radish Peroxidase (not according to the invention) - Illustration of Size Range Control 



1 g of horse-radish peroxidase (grade II, Kem-En-Tec, Denmark) was dissolved in a solution of 100 ml 
10% gelatin (cat.no.: G-2500. Sigma) and 0.5 M sodium chloride (35 •C). 10 g hollow glass spheres 
(B28/750. 3M) were added under stirring. After adjustment of pH to 5.5, 2 ml glutaric dialdehyde (25% 
solution, cat.no.: 820603, Merck) was added with thorough stirring. The resulting gel was incubated at room 
temperature for 2 hours and then disintegrated in a blender. The floating particles were separated from fines 
and non-floating particles by inverse sedimentation. The yield of wet. packed particles was approx. 120 ml. 
The size range was determined to be from about 200 to about 500 um in diameter. 

(e) Low Density Agar- Gelatin Glass Sphere Conglomerated Particles I 



2 g agar (Bacto-agar, Difco). and 3 g gelatin (cat.no.: G-2500, Sigma) was dissolved in 100 ml 0.15 M 
sodium chloride by brief heating to the boiling point. After cooling to about 56 10 g hollow glass beads 
(B28/750. 3M) were added. pH was adjusted to 4.0 with 5 M acetic acid followed by the addition of 2, ml 
glutaric dialdehyde (25% solution. Cat. No. 820603, Merck) with thorough stirring. The resulting polymer 
block was cooled to room temperature and incubated for 24 hours followed by disintegration in a blender. 

Roating particles were separated from fines and non-floating particles by inverse sedimentation 
followed by collection of the floating particles on a glass filter. The yield of floating conglomerate particles 
was 95 ml packed wet particles. 

(f) Low Density Agar-Gelatin Glass Sphere Conglomerated Particles II 

2 Q agar (Bacto-agar. Gibco) and 3 g gelatin (catno.: G-2500, Sigma) was dissolved in 100 ml 0.15 M 
sodium chloride by brief heating to the boiling point. After cooling to about 56 'C 10 g hollow glass beads 
(B28/750, 3M) were added. The suspension was then cooled by pouring it onto an ice-cold glassp!ate. The 
resulting gel block was incubated for 24 hours at 4 * C followed by disintegration by blending in ice-water. 
The conglomerate floating gel-particles were separated from non-floating particles by inverse sedimentation 
and then collected on a glass filter. The yield was 105 ml of packed, wet particles. 

The particles were then suspended in 200 ml 0.1 M potassium phosphate buffer pH 6.5 and crosslinked 
for two hours by addition of 10 ml glutaric dialdehyde (25% solution. 820603, Merck). 

(g) Low Density Chitosan Glass Sphere Conglomerated Particles 

A 4% solution of chitosan (Cat. No.: 22741, Fluka) was prepared by heating 12 g chitosan In 300 ml 
10% v/v acetic acid. The viscous solution was cooled to about 40 'C followed by addition of 20 g hollow 
glass beads (B28/750, 3M). 3 ml glutaric dialdehyde was added (25% solution, 820603, Merck) with 
thorough stirring. The resulting polymer block was incubated for 24 hours at room temperature followed by 
disintegration in a blender. 

The conglomerate floating gel-particles were separated from non-floating particles by inverse sedi- 
mentation in 0.1 M sodium chloride and then collected on a glass filter. The yield was 400 ml of packed, 
wet particles with a diameter from about 200 um to about 800 um. 



55 
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EXAMPLE 2 



10 



15 



chemically (I.e. a method out of many DossibilitLT«nH ^ ! ''^ ^P"®'®^ ^^^^^ activated 

example mercaptoethanol waslX for saiw^^^^ T";? °' 

5% mercaptoethanol in water that hTd beS tSXo nH q^^^^^^^^^^^ "P'^""^" ^^^^ ^^^^^ with 
room temperature *° ^ sodiumhydroxide for 3 hours at 



EXAMPLE 3 



equirat^r^rd^^^^^^^^^^ aga^se conglomerate spheres 

column With an inner diameter of 5 cr^ and lengtLf ircITi' f*' "V ""'^'^ " cylindricar glass 
bottom using unscrewing plastic caps The m hi ! ^ ^^s sealed at the top and 

the top lit had a corres'ponding iS and a meThanica? ^^rr^^T^^^^^^^ '^1^'"? -'ddle while 

through a air tight collar for stirring the conalornS^I^^ "'echan.cal stinrer provides stirring 

propeller was designed to avoid flJ^^ florthrcSZ^eaSn^^^ in the column. The stirring 

in the bottom column. 2 I unfiltrated and not r^^ wf . f 71 conglomerate spheres down to the outlet 
bank) having been added ammSuLulphate ra^^L^^^^^^^ "Tn^'^- '"^^^ ^^^^ ^ blood 

from the top with a flow of 10 mS unL sti-Jno Th ^ k" °' ""^^ '^^ '''^^"Sh the column 
formation of channels through the fluS^drSoO Zf o 75 M a^mT"""?^ ' "^"'^ ^ *° ^^^''^ 
flow rate for washing non-bound proteins and Zcu i^es RnairtTr'" w "'^ ^""^ 

'^^Tbrto r by leading 500 ml of O.^M^'SSm chSe t^dTo Z 
About 5 g human immunoglobulin was elutPri in tha ""o coiumn. 

Showed a high purity of immunoglobulin havrngT,Sv^s^^^ T""? ^^lysis 



25 



30 



35 



EXAMPLE 4 



45 



50 



5S 



activ^r:L^dry=:r^^^^^^^^^^ - described in Example 1 were 

o.JZ^:^t 7:^:Z:^S^ Z^r!:^ " ''''' immunoglobulin by incubation of the gel 
carbonate/sodium-hydroxide Z^r pH 8 6 ^ ^"'"""Slobulin/mi in 0.1 M sodiumhydrogL 

groups were blocked by in^S o? the gel wJh 0 ^ Z MW 20.000). Exce^ aSive 

was coupled with more than SO"^ of t^!^.Z':2MZZ^Z!r''' 

appa?ati:rrzt7rthTr: rga^e rrsrrT" ^^-^ ^« - 

munoglobulin from untreated serum o pre^iS L e rahhT • " f"«-bodies against rabbit im- 
separated antibody was of a Duritv and ^ ^ ""'"""oslobulin immunized goats The 

columns using filteLlS cer^trlg JanS^^l.'^^^^^^^ ^"'^ conventional pad' 
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EXAMPLE 5 

Immobilised Enzyme. Immobilization of Glucose Oxidase on Chromatographic Adsorbent Particles 
Prepared According to Example 2 

5 

10 g divinylsulfon activated agarose conglomerate spheres from Example 2 were mixed with 20 ml of a 
solution of glucose oxidase from Aspergillus niger (10 mg/ml in 1 M potassiumhydrogen- 
phosphate/sodiumhydroxide buffer. pH 10.5). The mixture was left for three hours and the uncoupled 
glucose oxidase was washed out of the spheres by 1 M sodium chloride. 
10 The enzyme coupled conglomerate spheres showed glucose oxydase activity with glucose as a 
substrate. The development of hydrogen peroxide was detected as a brown colouring of the gel and 
solution by coupling the reaction with peroxidase (horse-radish peroxidase) oxidation of orthophenylen 
diamine. 

75 EXAMPLE 6 

Chromatographic Adsorbent Particles Comprising Immobilized N-acetylglucosamine for the Separa- 
tion of Wheat Germ Agglutinin. 

20 Conglomerate spheres containing 4% agarose and produced as described In Example 1 (b) were 
activated with divinyl sulfon as described in Example 2. 1 0 g (dried, wet weight) of the activated gel was 
coupled to N-acetylglucosamine by incubating the gel over night with 20 ml 0.5 M potassium-phos- 
phate/sodiumhydroxide buffer pH 11.5 containing 50 mg N-acetylglycosamine per ml. Following incubation 
the excess of active vinyl groups were blocked by 5% mercaptoethanol titrated to pH 9.5 by sodium 

25 hydroxide. The gel was washed thoroughly with 1 M sodium chloride. The binding capacity for wheat germ 
agglutinin was larger than 10 mg lectin per ml gel. 

EXAMPLE 7 

30 High Density Gelatin Solid Glass Sphere Conglomerated Particles (not according to the invention) - 
Illustration of Density Control 

Four samples of 100 ml 5% gelatin in 0.15 M sodium chloride (35 'C) were added solid glass spheres 
(0.075-.15 mm, Fryma, Switzerland) with a density of 2.5 g/ml in increasing amounts: 



35 


A: 


10g 




B: 


50 g 




C: 


100 g 




D: 


200 g 



After adjustment of pH to 5.5 all samples were added 2.0 ml glutaric dialdehyde (25% solution. Cat. No.: 
40 820603. Merck) under thorough stirring. After 24 hours of incubation at room temperature the polymerized 
matrices were disintegrated in a blender. The resulting particles were separated from fines by sedimenta- 
tion. The particles were then collected on a glass filter and drained for excess water by vacuum suction on 
the glass filter. The wet but drained particles were then weighed and the particle volume determined by 
adding a known amount of liquid followed by determination of the total volume. The following particle 
45 -densities were obtained: 



Measured Density: 


Calculated Density: 


A: 


1.1 g/ml 


1.06 g/ml 


B: 


1 .3 g/ml 


1.25 g/ml 


C: 


1 .5 g/ml 


1.43 g/ml 


D: 


1 .7 g/ml 


1.67 g/ml 



Claims 

1. Chromatographic adsorbent particles having covalently bound at least one active substance for binding 
molecules in a liquid chromatographic fluid bed process; 
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70 



75 



20 
25 

5. 

30 

6. 
7. 

35 

8. 

40 



(d) that the at least one active substance is covalently bound to said matrix! 
2. Particles according to cl^m 1. CHARACTERIZED in that said basic particles are impermeable to the 

Sctrrhotw'. *° ^"^ '^'^'"'^ ^ °^ CHARACTERIZED in that the low density basic 

4. Particles according to any one of claims 1 or 2, CHARACTERIZED in tw.t tK u- u . 

particles are solid. ^ri«w\o i tHiZED in that the high density basic 

Particles according to any one of claims 1-7 rHARAi-TirD.-ri-n. • 

LI'S "'"Ti:^" 



45 9. 



50 



55 



Particles according to any one of claims 1-8 CHARArTFRi7Pn • *u * 

polysaccharides and other carbohydrate based pofyme^^^^^^^^^^ '''' '^"^-^^ 

10. Particles according to any one of claims 1-9 CHARACTFRi^Pn * *u 

a material or mixtures of materials selected f^om rg^o' ^S^^^^^^^^ '"'"'^ ^"'^'^"^^ •^""'P-- 

bio.oXarLTynStrgin'^'"''"""'^ -d organic polymers of 

11. Particles according to any one of claims 1-10. CHARACTERIZED in th«. th^ 

comprises a member selected from the group consisting oT ^^^"^^ substance 

chro'StSry'^Sns'U^^^^ ^^^^-^ ^P-'- i.a. for ion exhange 

purification oi aS Z ZTer Sn binlr'' r''"' "r^' ^''^""'^ -9- '>'°«" ^ 

.~s. protein A. ^Z'^^ZST^^^^^Z^ 
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histidine. sulfated polymers including e.g. heparins, benzhydroxamic acid, hydrophobic ligands e.g. 
hydrocarbon groups such as phenyl, thiophilic ligands i.e. divinyl sulfone activated substances coupled 
with mercaptoethanol, 4-hydroxy-pyridine. 3-hydroxy-pyrldine, or 2-hydroxy-pyridine; 

natural and synthetic polynucleotides and nucleic acids, including DNA, RNA. poly-A, poly-G, poly- 
5 U, poly-C and poly-T; 

natural and synthetic polysaccharides and other carbohydrate based polymers, including agar, 
alginate, carrageenan. guar gum, gum arable, gum ghatti. gum tragacanth. karaya gum, locust bean 
gum, xanthan gum. agaroses, celluloses, pectins, mucins, dextrans, starches and heparins; 

natural and synthetic peptides and polypeptides and other amino acid based polymers, including 
10 gelatins, albumins, hemoglobulins. immunoglobulins including poly- and mono clonal antibodies, an- 
tigenes. protein G, lectins, glycoproteins such as ovomucoids, biotin binding proteins e.g. avidin and 
streptavidin, enzymes e.g. proteases, and protease inhibitors; and 

mixtures of these. 

75 12. Particles according to any one of claims 1-11. CHARACTERIZED in that the active substance is 
covalently bound to the adsorbent particles by means of activation or derivatisation agents activating or 
derivatizing the conglomerating agent, or the conglomerate particles. 

ia Particles according to claim 12. CHARACTERIZED in that the activation or derivatisation agents are 
20 selected from a group consisting of: 

cyanogen bromide, divinyl sulfone. epichlorohydrine, bisepoxyranes. dibromopropanol. glutaric 
dialdehyde, carbodiimides. anhydrides, hydrazines, periodates. benzoqui nones, triazines, tosylates, 
tresylates. and diazonium ions. 

25 14. Particles according to any one of claims 1-13. CHARACTERIZED in that the relative density is from 0.1 
to 15. particularly from 0.1 to 5, and preferably from 0.2 to 2. 

15. Particles according to any one of claims 1-13. CHARACTERIZED in that the relative density is from 1 
to 15. particularly from 1.1 to 5, and preferably from 1.1 to 2. 

30 

16. Particles according to any one of claims 1-13, CHARACTERIZED in that the relative density is from 0.1 
to 1 . generally from 0.2 to 0.95. particularly from 0.3 to 0.8. and preferably from 0.5 to 0.75. 

17. Particles according to any one of claims 1-16, CHARACTERIZED in that their size is within a range 
35 selected from the group consisting of: 

1-10000 am, 
1-5000 um. 
1-4000 um. 
1-3000 um. 
4o 1-2000 um, 

1-1000 um, 
50-500 um. 

18- Particles according to claim 17, particularly for purification and binding proteins and other high 
45 molecular weight substances, CHARACTERIZED in that their size is within a range selected from the 

groups consisting of: 

1-2000 um. 

10-1000 um. 

50-750 um. 
50 100-500 um. most preferred. 

19. A method of preparing chromatographic adsorbent particles as defined in any one of claims 1-18, 
CHARACTERIZED by 

a) mixing basic particles selected from the group consisting of low density particles having a density 
55 providing floatation, and high density particles having a density providing sedimentation of the 

conglomerate in the liquid, said basic particles being made of amorphous silica, quartz, or glass 
with at least one conglomerating agent selected from the group consisting of natural and synthetic 
polysaccharides and other carbohydrate-based polymers as defined in claim 8 

19 
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and optionally heating said mixture; 
b) emulsifying said mixture in a suitable solvent- 

JhA^CTER.zX"' *"...09.aphi. adsoAen, p,*tes aa d,„„.d in ^ ^ ,.,3. 
d) segregating and washing the conglomerate particles. 

35 26. the use according to clainr, 25 In a procedure selected from a group consistino of 
exchtrSrgr^r^n^S^^^ 

protein A chromato^aphy and group S^ SSl S olS^'^^S^ '"f immunosorptlon and 
dye. lectin, and metal chelate chSma^c5Sphy ^ ^^'^°'"^t°9raphy such as hydrophobic, thiophllic. 



15 



20 



25 



45 



Z Tu^^Sdta^S; rm^rSng^^r^TeS^^^^^^^^^^^^ ^ wn- 

chromatographic adsorbent partcles rd l.Sn ml h ^" ^" ^ ""'^ ''^^ °f ^aid 

fn the fluid bed proximal to th^HqtS inlet ^ ""^^"^ "^'"^ or 

^"aWh^tT'?^ *«*-*"«"9 the liquid in the fluid bed. CHARACTERIZED in 

irt^firb";" -r''^ Partldes and l^d proximal 'to theTqu^?^^^^^^^^ to 

i) a turbulent zone having vigorously moving particles, and 
^ ••) a non-turbulent zone; 

said non-turbulent zone adjoining said turbulent zone; and 

finge'll' °' ^"^ agitation selected within a 

i) a degree of agitation providing turbulence only in the uppermost part of the fluid h^w 
..) to a degree of agitation providing turbulence of the parades thl'gtout the S bS 

29. The use according to claim 25 or 26. CHARACTERIZFn \n th=»f h.^ « w i. ^ 



55 
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chromatographic adsorbent particles, and agitation means; said agitation means being located near or 
in the fluid bed proximal to the liquid Inlet. 

30. The use according to claim 29 for distributing the liquid in the fluid bed, CHARACTERIZED in 
5 a) that the chromatographic adsorbent particles and liquid proximal to the liquid inlet are agitated to 

divide the fluid bed into 

i) a turbulent zone having vigorously moving particles, and 

ii) a non-turbulent zone; 

said non-turbulent zone adjoining said turbulent zone; and 
10 b) that the extent of said turbulent zone is determined by a degree of agitation selected within a 

range from 

i) a degree of agitation providing turbulence only in the lower-most part of the fluid bed, 

ii) to a degree of agitation providing turbulence of the particles throughout the fluid bed. 

75 
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The applicant was told that the examining division was still of the opinion that the 
subject-matter of claim 1 was not inventive (Art. 56 EPC) over WO-A-97/17132 (D1): 

D1 , on page 22, II. 23-25, teaches to use particulate material ("beads") having a 
diameter < 80 ^m in order to obtain a high mass transfer. D1 also discloses that the 
density of these particles should be at least 1,2 g/ml. It is also known from D1 that 
density is an important parameter to consider for particulate material in fluidised and 
expanded beds (page 4, II. 12-17). 

The examining division further introduced EP-A-0607998 into the proceedings, a copy 
is annexed to the present communication. The examining division pointed out that in 
claim 15 of EP-A-0607998 relative densities of 1 .1 to 5 were disclosed and that it 
appeared that a density of 2,5 g/ml was a value the skilled person would contemplate 
when applying the technical teaching of prior art. 
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